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SEMICONDUCTOR MEMORY HAVING ERROR
CORRECTING MEANS

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
memory and more particularly to a semiconductor
memory having error correcting means using an error
correcting code.

As 3 measure to cope with errors, there is known a
method 1 which a redundant bit (check bit) for an error
correcting code (hereinafter abbreviated as ECC) is
added and encoding and decoding circuits are provided
on the chip of a semiconductor memory to correct data,
as disclosed in Yamada, J., et al. “A submicron VLSI
Memory with a 4b-at-a-Time Built in ECC Circuit”
ISSCC digest of Technical Papers, pp. 104-105. Feb.
1984.

With respect to this method, a question arises as to
the scale of the encoding and decoding circuits. How-
ever, if a cyclic code is used as an ECC and serial en-
coding and decoding are conducted by positively using

the nature of the cyclic code, a small circuit may be

used. This is particularly effective for a memory which
serially reads and writes data. This method, however,
has the following problem. Although n cycle operations
of the encoding circuit are required for writing data, 2n
cycle operations of the decoding circuit (n cycles for
syndrome generation and n cycles for error correcting)
are required for reading data. The access times are dif-
ferent respectively for reading and writing, so that the
user finds difficulty in making use of the memory.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the
above-mentioned problem and provide means by which
the user finds no difficuity in making use of a semicon-
ductor memory having an error correcting function.

Another object of the present invention is to provide
means by which a semiconductor memory having error
correcting means can be tested with ease.

To achieve the above objects, a signal indicative of
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the completion of preparation for reading/writing is -

outputted from the memory. The user detects the out-
put of this signal and thereafter, reading/writing data is
executed.

To facilitate tests, such as a memory cell test for a
redundant bit (check bit), an encoding circuit test and a

decoding circuit test, these tests are arranged to be

made independently of each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1, 4 and 7 are circuit block diagrams showing
first, second and third embodiments of the semiconduc-
tor memory according to the present invention.

FI1GS. 2, 3, §, 6, 8 and 9 are the timing charts illustrat-
Ing the operations of the respective embodiments.

FIG. 10 1s a circui® block diagram showing a fourth
embodiment of the semiconductor memory according
to the present invention.

FIGS. 11 to 14 are circuit diagrams illustrating the
error correcting function using an ECC. |

FIG. 15 is a circuit block diagram showing a fifth
embodiment of the semiconductor memory according
to the present invention.

FIG. 16 1s a flow chart illustrating the operation of
the semiconductor memory of FIG. 15.
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FIG. 17 1s a timing chart illustrating the normal oper-
ation of the semiconductor memory of FIG. 185.

FIG. 18 1s a timing chart illustrating the memory cell
test operation of the semiconductor memory of FIG. 15.

FI1G. 19 1s a timing chart illustrating the encoding test
operation of the semiconductor memory of FIG. 15.

FIG. 20 is a timing chart illustrating the decoding test
operation of the semiconductor memory of FIG. 15.

FI1G. 21 1s a timing chart illustrating the information
bit correcting test together with the check bit correct-
ing test of the semiconductor memory of FIG. 15.

FIG. 22 1s a circuit block diagram showing a sixth
embodiment of the semiconductor memory according
to the present invention, wherein two input terminals
for an ECC enable signal are provided.

FIG. 23 1s a circuit block diagram showing a seventh
embodiment of the semiconductor memory according

~to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The first embodiment of this invention will now be
described with reference to FIG. 1. Shown in the figure
1s a dynamic memory which has N word lines Wy to
Wy—1, M (e.g., 7) data lines Dy to D¢, and NM (=7N)
memory cells MCpgoto MCxr— 1. 6. The word lines can be
randomly selected by a decoder 10, while the data lines
are serially selected by a shift register 20 operating in
synchromism with clock SCLK. Therefore, reading/-
writing data is serially performed one bit after another
in synchronism with SCLK.

This memory has a data correcting function using an
error correcting code (ECC). As an ECC, a cyclic
Hamming code including 4 information digits and 3
check digits is used here for the purpose of simplifica-
tion. However, any other code is applicable to the pres-
ent invention. Data lines, Do to D3 are for storing infor-
mation bits and D4 to D¢ are for storing redundant bits
(or check bits) for the ECC. Addition of the redundant
bits for the ECC is conducted by an encoding circuit 24,
while error correcting is conducted by a decoding cir-
cuit 235. The circuits 24 and 25 respectively encode and
decode serially in synchronism with a driving signal
b £c, positively using the nature of a cyclic code.

The memory write operation will be described with
reference to FIG. 2. When a chip select signal CS is
applied from an external circuit to a timing pulse gener-
ator 1, the timing pulse generator 1 ouiputs an address
buffer driving signal ¢ 4. Upon reception of the address
buffer driving signal ¢4, an address buffer receives an
address signal from address terminals Ag to A,— to
send it to a decoder 10. Next, the timing pulse generator
1 outputs a word line driving signal ¢y and thereafter a
sense amplifier driving signal ¢g4. The signal dydrives
one word line (selected by the decoder 10) so that data
is read from the memory cells on the selected word line
and delivered to respective data lines. The data is ampli-
fied in response to the signal ¢s4 by sense amplifiers
SApg to SAs.

Succeedingly, the timing pulse generator 1 outputs a
signal ¢s to actuate an input/output control circuit 3.
The tnput/output control circuit 3 is a circuit for con-
trolling data read/write and comprises, as shown in
FIG. 1, a delay circuit 30, inverter 31, selector 32,
counter 33 and control circuit 34. The delay circuit 30
1$ a circuit for outputting signals (¢ vy, dsgr, etc.) delayed
by an adequate time from the input signal. As an input
signal to the delay circuit 30, either one of an external
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clock SCLK or a signal Zg obtained by inverting the
output of the delay circuit by the inverter 31 1s selec-
tively inputted via the selector 32. The counter 33 1s a
circuit for counting the number of signals generated by
the delay circuit 30, and the control circuit 34 1s a cir-
cuit for changing the connection of the selector 32 upon
reception of the output from the counter 33.

Upon reception of a starting signal ¢s, the control
circuit 34 immediately outputs a preparation comple-
tion signal READY, which indicates that the memory is
ready for data read/write (in this case data write) and
requests the user io input clock SCLK.

When clock SCLK becomes low level, the delay
circuit 30 first outputs a data line selecting signal ¢ yand
an input buffer driving signal ¢;p (because the selector
32 is previously set at a state selecting the SCLK side).
A data line selector 21 selects data line Do upon recep-
tion of ¢ y(a shift register 20 has been initialized so as to
select Dg). Upon reception of ¢;p, an input buffer 22
receives data from data input terminal D;, to send 1t to
an encoding circuit 24. Next, the delay circuit outputs a
driving signal ¢gc for encoding and decoding circuits.
Upon reception of ¢ ¢ the encoding circuit 24 directly
transfers data sent from the input buffer 22 onto the data
line (as described previously Dy is selected in this case)
and simultaneously therewith, calculates the redundant
bits.

When clock SCLK returns to tts high level, the delay
circuit 30 outputs a shift register driving signal ¢sgr and
a counter driving signal ¢cr. The shift register 20 is
shifted by dsg to enable selecting data line Dy. The
counter 33 (which has been initialized to have the out-
put “0”) is counted up by dcrand the output thereof
becomes “1”.

Nexi, when SCLK becomes low level, data 1s written
onto data line Dj. When SCLK again returns to its high
level, the shift register 20 is again shifted to enable se-
lecting data line D, and the counter 33 ts again counted
up to have the output “2”,

The similar operations are repeated two times and
data are written onto data lines D5, and Dj3. In this state,
the shift register 20 enables selecting data line Da, and
the counter 33 has the output “4”. Also, the encoding
circuit 24 completes the calculation of the redundant
bits and the result is stored in its circuit.

When the output of the counter becomes “4”, the
control circuit 34 switches the selector 32 to the ¢gside.
Conseqguently, the delay circuit 3@, inverter 31 and se-
lector 32 constitute a so-called ring oscillator to initiate
oscillation. While the oscillation continues, the delay
circuit 30 continues outputting signals (except ¢;p) as
similar to the case where SCLK is inputted. Therefore,
data lines are sequentially selected in the order of D,
Ds, and Dg. Also the encoding circuit 24 outputs a
redundant bit stored in the circuit one at a time every
time &gcis inputted. Thus, the redundant bits are writ-
ten in D4, Ds, and Dg in this order.

When the output of the counter 33 becomes *“7”, the
control circuit switches the selector 32 to the SCLK
side to stop the oscillation.

Next, the data read operation will be described with
reference to FIGS. 3. The operations starting from
when chip select signal CS is inputted from an external
circuit and the procedure up to when starting signal ¢s
1S outputted, are the same as the case of data write oper-
ation, so the description therefor is omitted.

The control circuit 34 switches the selector 32 to the
¢ e side upon reception of starting signal ¢s(at this time,
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preparation completion signal READY is not output-
ted). Then, the ring oscillator constructed of the delay
circuit 30, inverter 31 and selector 32 starts its oscilla-
tion. While the oscillation continues, the delay circuit
30 continues outputting data line selecting signal oy,
shift register driving signal ¢sgr, counter driving signal

dcrand driving signal dgc for encoding and decoding
circuits. Similar to the above-described data write oper-

ation, the data lines are selected in the order of Do, D,
. .. Dg, while the outputs of the counter 33 change in the
order of “1”, *“2”, ..., “7”, Data read out of each data
line is sequentially inputted to the decoding circuit 25,
which performs calculation of the syndrome in syn-
chronism with driving signal ¢gc.

When the output of the counter 33 becomes “7”°, the
control circuit 34 outputs preparation completion signal
READY and switches the selector to the SCLX side to
stop the oscillation. The memory waits application of
clock SCLK from an external circuit.

When SCLK is applied from the external circutt, the
delay circuit 30 synchronously therewith outputs oy,
bsr, bcrand decas well as output buffer driving signal
dop. Data lines are again selected in the order of Dy,
D1y, D3 and Ds3. The decoding circuit 25 outputs in syn-
chronism with &gc the corrected resuli of information
bits one bit at a time to an output buffer 23 which in turn
delivers them to output terminal D,y in synchronism
with ¢op. The corrected information bits are also trans-
ferred to the data lines. Consequently, the corrected
result of original information bits are rewritten in data
lines Dg, Dy, D> and D;s.

When the output of the counter 33 becomes “11”
after clock SCLK was inputted four times, the control
circuit 34 again switches the selector 32 to the &£ side.
As the oscillation resumes, the delay circuit 3¢ contin-
ues outputting dy, ¢sr, ¢crand ¢rc(dosis not output-
ted). Data lines are selected in the order of D4, Ds and
Dg¢. The decoding circuit 25 outputs the corrected result
of redundant bits one bit at a time 1n synchronism with
bec. Consequently, the corrected result of original
redundant bits are rewritten in data lines D4, Dsand Dk.

When the output of the counter 33 becomes “14”; the
control circuit 34 again switches the selector 32 to the
SCLK side to stop the oscillation.

As apparent from the foregoing description, in the
memory of this embodiment, time tp from when chip
select signal CS is applied to when preparation comple-
tion signal READY is outputted, differs between data
reading and data writing. That 1s, assuming the period
of self-oscillation of the delay circuit 30 1s t., time tg for
data reading is longer by 7t. than that for data wnting.
However, the user can readily starts data reading or
data writing by detecting the output of READY and
applying SCLK four times.

The second embodiment of the present invention is
shown 1n FIG. 4. The difference from the embodiment
of FIG. 1 resides in that an error detecting circuit 26 is
provided. This circuit has no error correcting capabil-
1ty, but it can perform error detecting in a parallel fash-
1on (using a combination logic circuit). Since the data
write operation of the memory is the same as that of the
first embodiment (FIG. 2), the description therefor is
omitted. The data read operation will be described with
reference to FIGS. 5 and 6.
~ The operations starting from when chip select signal
CS 1s applied from an external circuit to when the the
sense amplifiers operate 1s the same as those of the first
embodiment. After completion of the amplification
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operation by the sense amplifiers, the error detecting
circuit 26 judges if there i1s an error in the readout data.
If an error is present, signal ¢gp goes to a high level, as
shown in FIG. §, while if no error is present, signal
b£p goes to a low level, as shown in FIG. 6.

Next, the input/output control circuit 3 is actuated by
starting signal ¢g, the operation of which differs de-
pending on the presence or absence of an error. The
operation in the presence of an error is the same as that
of the first embodiment. In particular, syndrome calcu-
lation 1s first conducted with 7 cycle self-oscillations.
Next, in synchronism with 4 cycle external clocks
SCLK, correction of information bits and data output
are performed. Lastly, correction of redundant bits are
performed with 3 cycle self-oscillations.

In the case where an error is not present (FIG. 6), the
control circuit 34 immediately outputs preparation
completion signal READY upon reception of starting
signal ¢s. When clock SCLK is applied from an exter-
nal circuit (the selector 32 remains at a state selecting
the SCLK side), the delay circuit 30 outputs data line
selecting signal ¢y shift register driving signal ¢sg,
counter driving signal dcr, driving signal ¢gc for en-
coding and decoding circuits and output buffer driving
signal ¢pp. Data lines are selected in the order of Dy,
D1, D2 and D3, while the outputs of the counter changes
in the order of “1”, “2”, “3”and *“4”. Data read out of
each data line is sequentially inputted to the decoding
circuit 25 which at this time merely transfers the data to
the output buffer 23 in response to the low level of ¢gp
without correcting the data. The output buffer 23 deliv-
ers the data to output terminal D, in synchronism with
bos-

In this embodiment, the time from when, the chip
select signal CS is apphied to when the preparation com-
pletion signal READY is outputted is not constant. In
particular, the time is the same if there is no error in data
writing and data reading. However, if there is an error
in reading data, the time is longer by 7 t. (t. is the period
of self-oscillation) than that in data writing. The user,
-however, can readily proceed with either data writing
or data reading by merely detecting the output of
READY and applymg SCLK four times.

The present invention is applicable not only to a
memory performing data reading and writing in serial
but also to a random access memory (RAM). A third
embodiment, where the present invention is applied to a
dynamic RAM (DRAM), is shown in FIG. 7, and the
timing charts respectively illustrating the reading and
writing operations are shown in FIGS. 8§ and 9.

The operations from when the row address strobe
RAS is applied to when the sense amplifiers start operat-
ing is not explained since the operations are the same as
those in a usual DRAM. The timing pulse generator 1
outputs preparation completion signal READY, imme-
diately after the operation of sense amplifiers in the case
of data writing (FIG. 8), or after the decoding circuit 25
corrects an error in the case of data readmg (FIG. 9).

When the column address strobe CAS is applied from
an external circuit, the timing pulse generator 4 first
. outputs driving signal ¢c4 for a column address buffer.
Upon reception of ¢cq the column address buffer 5
recerves a column address signal from address terminals
Apto Ap-1tosend it to a column decoder 27. Next, the
timing pulse generator 4 outputs either data line select-
ing signal ¢ yand input buffer driving signal &g (in the
case of data writing) or output buffer driving signal
¢og(in the case of data reading). One data line (selected
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by the column decoder 27) is driven by dvy. Since an
error has previously been corrected by the decoding
circuit 25 in the case of data reading, error-corrected
data 1s read out to output terminal D, by dpp. In the
case of data writing, data is fetched from input terminal
Di» by dspto replace it with the data read from memory
cells. Thereafter, redundant bits are added by the en-
coding circuit 24 to write them in the memory cells.

Also in this embodiment, the time from when RAS is
applied to when READY is outputted differs between
data reading and data writing. However, the user can
readily perform either data reading or data writing
merely by detecting READY and thereafter applying
CAS.

According to the embodiments shown in FIGS. 1 to
9, it is possible for the user to find no difficulty in mak-
ing use of a memory which has different access times
due to its error correcting function.

Checking or testing the memory after it is manufac-
tured in accordance with this invention, includes vari-
ous kinds of tests including a test for an error correcting
function. In testing the semiconductor memory, it is
specifically pointed out that it has a built-in error cor-
recting function. However, if for example a single-error
correcting code 1S used as an ECC and the memory
accidentally has a defect (hard error) in one memory
cell, then in this case the defect cannot be found because
the readout data is corrected by the ECC, thus resulting
In an apparent error-free memory.

Futhermove, if an error occurs at another memory
cell belonging to the same error correcting block unit
including the defected memory cell, then two bit errors
in total become present to accordingly make it impossi-
ble to correct the error.

‘Therefore, to reliably perform various tests of a semi-
conductor memory having an error correcting function,
It IS necessary to test the memory cells per se and the
error correcting function including an encoding circuit
and decoding circuit, independently of each other.
However, such a testing method has not been proposed
as yet.

The present invention seeks to solve this problem and
provide a semiconductor memory having a built-in
error correcting function using an ECC, which can test
the memory cells per se for storing redundant bits of the
ECC, 1e, check bits, encoding circuit, decoding cir-
cuits and the like, independently of each other.

To this end, according to the present invention, the
semiconductor memory having encoding means for
adding check bits o data in accordance with an error
correcting code and decoding means for error-correct-
ing the data having the check bits, comprises read/write
means (terminal aa and others) for reading/writing the
check bits in a similar way to that of said data, and
means (terminal ECCE and others) for inhibiting the
operation of an error correction by the decoding cir-
cuit.

The fourth embodiment will now be described with
reference to the accompanying drawings.

FIG. 10 is a circuit block diagram showing the fourth
embodiment of the semiconductor memory according
to the present invention. In the figure, a decoder 101
decodes logsr address signals and identifies one line of
word lines Wg to W,_| of a memory array 103 via a
word line driver 102. A sense amplifier array 104 reads
and amplifies data of all of the memory cells on the
selected (single) word line via data lines Dgto D, 1. A
decoder 106 decodes logys address signals to identify n
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data lines among data lines Do to D, 1 and sending (n)
data from the identified sense amplifier array 104 to (n)
common I/0 lines via a data line selector 105. The error
correcting function using an ECC is constructed of a
decoding circuit 110, encoding circuit 120, selecting
circuit 130 and writing circuit 140.

The semiconductor memory of this embodiment is a
RAM and has an error correcting function using an
ECC of a code length n (n=k 4 m), where k is the num-
ber of information digits and m is the number of check
digits. The semiconductor memory also has a terminal
ECCE for inputting an ECC enable signal and terminal
aa for identifying check bits. In an ordinary operating
state, terminal ECCE is set at a high level (logic “1”)
through a resistor R and terminal aa is set at a low level
(logic “0”) through a resistor Ry, to activate the error
correcting function and store various data. Although
the detailed description will be given later, the error
correcting function is inhibited by setting terminal
ECCE at a low level (logic “0"), and the check bits are
written/read for the purpose of testing by setting the
other terminal aa at a high level (logic “17).

Next, the construction and operation of the circuits
110 to 140 composing the error correcting function
using an ECC will be described with reference to FIGS.
11 to 14.

To perform an error correcting operation using an
ECC, the decoding circuit 110 is constructed of, as
shown in FIG. 11, a syndrome generator 111, error
location indicator 112, error correcting Exclusive-OR
gate array and AND gate array. The syndrome genera-
tor 111 generates a syndrome of data Xp to X,—1 from
the common [/0 lines to send it to the error location
indicator 112. The error location indicator 112 analyzes
the syndrome to assume the error location of data Xg to
Xr-~1, and changes only the error-assumed output line
among n output lines to a logic “1” (the other lines are
all made logic “0”).

In this case, if an error correcting operation is to be
conducted, the n outputs are directly sent to the EOR
gate array via the AND gate array, so that only the
error-assumied bit among data Xg to X, 1S inverted to
obtain an output Yo to Y,-1. On the contrary, if an
error correcting operation is not to be conducted, all of
the outputs from the AND gate array become logic “0”,
so that data Xp to X,—_ is directly sent as an output Yo
to Y,;--1.

The selecting circuit 130 is constructed of, as shown
in F1G. 12, an inverter array, AND gate array and OR
gate array so that data Yo to Y¢ (where n=7, K=4,
M =13} is sent to output terminal D, toc read the data in
the memory array 103 in accordance with the contents
of terminal aa and logsk address signals.

More in detail, based on the contents of three address
signals a;, a;4+1 and aa, one of input data Yo to yg is se-
lected to send it to Dy, via the AND and OR gate
arrays. In this case, if aa is a logic *“0”’, the above selec-
tion 1s made from ygto y3, 1.e., from information bits. On
the contrary, if aa is a logic “1”, then it is made from y4
to vs, 1.€., from check bits.

In other words, to the addresses a;, a;+1 which are
used oniginally to read information bits ygto y3, address
signal aa is added, thus enabling reading both informa-
tion bits and check bits.

The writing circuit 140 is constructed of, as shown in
F1G. 13, a decoder 141 made of an inverter array and an
AND gate array, inverter array and transistor array, so
that based on the contents of aa and log;k address sig-
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nals, one bit among data ypto y¢ (where n=7, k=4 and
m==3) is replaced with data from input terminal D;, to
send it to the encoding circuit 120 and rewrite it in the
memory array 103.

More in detail, based on the contents of three address
signals a;, a;+1 and aa, one of data yo to ys from the
decoding circuit 110 is replaced with data from D, to
send it to the encoding circuit 120. In this case, if aa is
a logic “0”, the above replacement is made from yp to
y3 (information bits). On the contrary, if aa is a logic
“17, then it is made from y4 t0 y¢ (check bits).

In other words, similar to the selecting circuit 130, to
the addresses a;, a;+1 which are used originally for re-
placing information bits yo to y3, address signal aa is
added, thus enabling writing desired data for both infor-
mation bits and check bits. In this embodiment, K=m 1s
assumed so that only a single address signal aa can suf-
fice. However, 1n case k<m, the number of address
signals are increased to meet such a case.

The encoding circuit 120 is constructed of, as shown
in FIG. 14, a check bit generator 121, transistor array
and inverter, so that when data Zo to Z,-—1 from the
writing circuit 140 is outputted to common /0 lines xg
to X,—1 to read the data in the memory array 103, infor-
mation bits (Zg to Z;—|) remain unchanged while check
bits (Zx to Z,-1) either remain unchanged or are re-
placed with newly generated check buts.

More in detail, the check bit generator 121 generates
m check bits for an ECC based on the contents of Zp to
Z—1 (information bits). In this case, if aa is a logic “0”,
the check bits generated by the check bit generator 121
are delivered onto xx to x,—1. On the contrary, if aa is a
logic “0”, then Zx to Z,— are directly delivered onto
Xk t0 X, —1. Thus, together with Zoto Z;—1, the gener-
ated check bits or Z; to Z, | per se are written in the
memory array 103 via the data line selector 108.

Checking or testing the semiconductor memory after
manufacture, described in the foregoing, can be summa-
rized as follows.

(1) Test for Memory Cell

A test for a memory array itself including the mem-
ory cells for check bits 1s carried out in such a way that
with ECCE remaining at a logic “0” (inhibition of the
error correcting function), check data “1s” and *“0s™ are
written in the memory array 103 and thereafter they are
read to be checked. In this case, aa is also scanned as in
the case of the other original addresses.

(2) Test for Encoding

A test for checking if check bits are correctly added
by the encoding circuit 120 is carried out in such a way
that the logic of ECCE is set at ““1” (operating under the
error correcting function) and aa is set at a logic “0” to
write information bits, and thereafter the information
bits are read by setting the logic of ECCE at “0” (inhibi-
tion of the error correcting function) while check bits
are read by setting the logic of aa at “1” (identification
of the check bits) to check the contents of data.

(3) Test for Decoding

A test for checking if information bits are correctly
error-corrected by the decoding circuit 110 is carried
out in such a way that the information bits are written
by setting the logic of ECCE at “0” and the logic of aa
at “0” and succeedingly the check bits are written by
changing the logic of aa to ““1”, and thereafter the infor-
mation bits are read by setting the logic of ECCE at **1”
and the logic of aa at ‘0’ to check the contents of data.
Succeedingly, a test for checking if the check bits are
correctly error-corrected 1s carried out in such a way
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that only the logic of aa is changed to *“1” to read the

check bits and check them. In this case, test data to be

written 1s arranged to have the contents including an

error correctable by the decoding circuit 110.

In this embodiment, terminals ECCE and aa are pro-
vided for inputting the ECC enable signal and the ad-
dress signal. However, another terminal may be used
for inputting both signals by using it in a time-sharing
fashion. Alternatively, such signals may be generated in
the internal circuit by using a combination of signals not
used in a normal operation (e.g., in a static RAM, both
output enable signal OE and write enable signal WE are
inputted).

Next, the fifth embodiment of the present invention
will be described in detail with reference to FIGS. 15 to
21.

FIG. 15 1s a circuit diagram of the semiconductor
memory of the fifth embodiment. The difference from
the embodiment of FIG. 10 resides in the following four
points (1) to (iv).

(1) Data lines Dg to D, are serially selected. That is,
although r word lines Wo to W,_| are randomly
selected by a decoder 101, similar to the case of FIG.
10, n data lines Doto D,_ | are selected in the order of
Do, Dy, Dy, ..., D, 1 by means of a shift register 107
shifting in synchronism with clock signal SCLK from
an external circuit. Data lines Dg to D,_; are con-
structed of, similarly to the case described previously,
Do to Dy _ for storing k information bits and Dy to
Dy -1 for storing m check bits. Therefore, writing/-
reading the information bits with respect to a mem-
ory array 103 is performed k times by one bit at a time
in synchronous timing with signal SCLK.

(11} A cyclic code is adopted as an ECC. Therefore, as
an encoding circuit 125 and decoding circuit 115,
those circuits are used which perform encoding and
decoding senally by positively using the nature of a
cyclic code.

(111) An input/output control circuit 155 is provided,
which 1s inputted with SCLK signal and ECC enable
signal and generates a timing pulse for driving the
shift register 107, encoding circuit 125 and decoding
circuit 115. Although the detailed description will be
given later, the timing pulse is delivered, as occasions
arise, even if SCLK signal is not inputted.

(iv) A switch 165 is provided, which switches the com-
mon [/0 lines from the data line selector 105 to con-
nect either to the output or input side of the decoding
circuit 113 or to the output side of the decoding cir-
cuit 125. |
FIG. 16 is a flow chart showing the operation of the

semiconductor memory of FIG. 18. FIG. 17 is a timing

chart showing the normal operation of the semiconduc-

tor memory of FIG. 15.

In the semiconductor memory, if unrepresented chip
select signal CS for selecting a chip is “L” and when
one data line among data lines Woto W,_ 1 is selected by
means of the decoder 101 and the word line driver 102,
and if unrepresented signal WE instructing to read or
write is “L’ (write), then the input/output control cir-
cutt 155 outputs a timing pulse in synchronism with
signal SCLK k times to the encoding circuit 125 and
shift register 107 to switch data lines Dg, D1, Do, . . .,
Dx_1 1n this order one line after another and to write
data from input terminal D;, into the corresponding
memory cells in the memory array 103 (step 1122 of
F1G. 16). The switch 165 is connected to the output side
(terminal C) of the encoding circuit 125.
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Succeedingly, the input/output control circuit 155
outputs a timing pulse to the encoding circuit 125 and
shift register m times to write m check bits generated by
the encoding circuit 125 into the memory array 103 in
the similar manner as above (step 1123).

By repeating the above operations, all of the data
from D;,and the check bits of an ECC are written in the
memory array 103.

Alternatively, if signal WE is “H” (read), first the
input/output control circuit 155 outputs a timing pulse
to the shift register 107 and decoding circuit 115 to
actuate them for calculation of a syndrome (step 1131).
Succeedingly, the circuit 155 outputs a timing pulse in
synchronism with signal SCLK to the decoding circuit
115 and shift register 107 to change data lines Dg, D,
Dy, ..., Dr—~11n this order one line after another, simi-
larly to the writing operation, and read k information
bits from the corresponding memory cells of the mem-
ory array 103. After correcting an error by the decod-
ing circuit 115, the corrected information bits are out-
putted to output terminal Dy, At the same time, the
corrected information bits are again written in the origi-
nal memory cells of the memory array 103 via terminal
A of the switch 165 and data Jine selector 105 (step 1132
of FIG. 16).

Next, the mput/output control circuit 155 outputs a
timing pulse to the decoding circuit 115 and shift regis-
ter 107 m times to change data lines D¢, Dgoy, . . .,
D,_11n this order one line after another, similarly to the
case of the information bits and read m check bits from
the corresponding memory cells. After correcting an
error by the decoding circuit 115, the corrected check
bits are again written in the original memory cells of the
memory array 103 via terminal A of the switch 165 and
data line selector 105 (step 1133). Although m check
bits are again written, they are not sent to Dy

By repeating the above readout operations, the desig-
nated information bits in the memory array 103 are
outputted to Dy,

In this case, the number of cycles of signal SCLK
inputted from an external circuit is k for respective
writing and reading .operations, and also the data to be
written or read is k bits. In other words, the semicon-
ductor memory can be considered as a k bit serial semi-
conductor memory and m check bits for an ECC are
not readily perceived.

FIG. 18 is a timing chart showing the testing opera-
tion of the memory cells (including those memory cells
for check bits) shown in FIG. 15.

In the semiconductor memory, if both signal CS and
that at terminal ECCE are “L” and when one data line
among data lines Wo to W,_ is selected, and if signal
WE is “L” (write), then the input/output control out-
puts 135, similarly to the case of FIG. 17 (normal opera-
tion), a timing puise in synchronism with signal SCLK
K times to the encoding circuit 125 and shift register 107
to switch data lines Do, D1, D3, ..., Dg—1in this order,
sequentially write data (information bits) from input
terminal D;. in“0 the corresponding memory cells in the
memory array 103 via terminal C of the switch 165 and
data line selector 105 (step 1112 of FIG. 16).

Succeedingly, the input/output control circuit 155
outputs a timing pulse to the encoding circuit 125 and
shift register 107 m times to change data lines Dy, D .|,
Drya, ..., Dy 1n this order to sequentially write data
(check bits) from D;, in the corresponding memory
cells of the memory array 103 via terminal C of the
switch 165 and data line selector 105 (step 1113).
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By repeating the above operations, data (information
and check bits) from D;, is written in respective -mem-
ory cells of the memory array 103.

Alternatively, if signal WE is “H” (read), first the
input/output control circuit 155 instructs the shift regis-
ter 107 and decoding circuit 115 to conduct a calcula-

tion of a syndrome, similarly to the case (ordinary oper-

ation) of FI1G. 17, (step 1141 of FIG. 16). Succeedingly,
the circuit 155 outputs a timing pulse in synchronism
with signal SCLK to the decoding circuit 115 and shaft
- register 107 to change data lines Do, Dy, D3, . .., D1
in this order, similarly to the case of writing operation,
and read k information bits from the corresponding
memory cells of the memory array 103 to output them
to Doy At the same time, the information bits are again
written in the memory array via terminal A of the
switch and data line selector 105 (step 1142).

Next, the input/output control circuit 135 outputs a
timing pulse to the decoding circuit 115 and shift regis-
ter 107 m times to change data lines Dy, Dgyt, . . .,
D,,__1in this order and read m check bits from the corre-
sponding memory cells to output them to Dyy,. At the
same time, the check bits are again written in the mem-
ory array 103 via terminal A of the switch 163 and data
line selector 108.

By repeating the above readout operations, the infor-
mation bits and check bits in the memory array 103 are
outputted {0 Doy

As different from the normal operation, during test-
ing as the memory cells, signai SCLK is applied (k+m)
times, respectively, for writing/reading operations and
the error correction of data by the decoding circuit is
inhibited (this is done by a similar method to that with
FI1G. 11). By applying signal SCLK n (=k+m) times,
not only information bits written 1in the memory cells,
but also check bits, can be read out to D,,, without
correction, thereby enabling testing of the memory cells
themselves (including those memory cells for check
bits). Furthermore, in such a case, the semiconductor
memory can be perceived as an n bit serial semiconduc-
tor memory without an error correcting function.

FIG. 19 is a timing chart showing the operation of the
encoding test.

In the semiconductor memory, if signal CS is “L”,
the signal at terminal ECCE is “H”, and signal WE 1s
“L” (write), and when one word line among word lines
Woto W,_1s selected, data (information bits) from D;,
is written, similarly to the case (normal operation) of
FIG. 17, in the memory array 103 in response to timing
pulses (k times) synchronizing with signal SCLK (step
1122). Succeedingly, in response to timing pulses (m
times), m check bits generated by the encoding circuit
125 are written in the memory array 103 (step 1123).

By repeating the above operations, all data from D,
and the corresponding check bits for an ECC are writ-
ten in the memory array 103.

Alternatively, if the signal at terminal ECCE 1s “L.”
and signal WE 1s “H” (read), and when one word line
among word lines Woto W, _ 1 1s selected, k information
biis in the memory array 103 are read and outputted to
Dous, after the calculation of a syndrome in response to
timing pulses (k times) synchronizing with signal
SCLK, similarly to the case (memory cell testing) of
FIG. 18. At the same time, the information bits are
again written 1n the memory array (steps 1141 and
1142). Succeedingly, similar to the information bits, m
check bits are read and outputted to D,,, in response to
timing pulses (m times) synchronizing with signal
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SCLK and at the same time they are again written in the
memory array 103 (step 1143).

By repeating the above operations, the information
and check bits in the memory array 103 are read and
outputted to Doy

In the above case, after setting the signal at ECCE at
“H” and writing the information bits together with the
check bits added thereto by the encoding circuit 125, n
bit data including the information and check bits are
read without error correction by setting the signal at
ECCE at “L” (inhibition of error correcting function).
Therefore, it is possible to test if the check bits have
been correctly added by the encoding circuit 123.

FIG. 20 is a timing chart showing the operation of the
decoding test.

In the semiconductor memory, if both the signal CS

and the signal at ECCE are “L” and signal WE 1s “L”
(write), data (k information bits) from D;, 1s written,
similarly to the case (memory cell testing) of FIG. 18, in
the memory cells of the memory array 103 1n response
to timing pulses (k times) synchronizing with signal
SCLK (step 1112). Succeedingly, in response to timing
pulses (m times), data from D;, (m check bits) is sequen-
tially written in the memory cells (step 1113).

Alternatively, if signal WE is “H” (read), k informa-
tion bits in the memory array 103 are read out of the
memory array 103, after the calculation of a syndrome
in response to timing pulses (k times) synchronizing
with signal SCLK, similarly to the case (normal opera-
tion) of FIG. 17 and outputted to D,y after error-cor-
rection by the decoding circuit 115. At the same time
they are again written in the memory cells (steps 1131
and 1132). Succeedingly, m check bits are read from the
memory array 103 and they are again written in the
memory cells after error-correction by the decoding
circuit 115 (step 1133).

By repeating the above operations, the information
bits in the memory array 103 are read and outputted to
Daut-

In the above case, after setting the signal at ECCE at
“L’ and writing the information bits together with the
check bits in the memory array 103, the information bits
are read by error-correcting by the decoding circuit,
t.e., by setting the signal at ECCE at “H”. Therefore, it
is possible to test if the information bits have been cor-
rected by the decoding circuit 115. The content of test
data to be written is arranged to include therein an error
correctable by the decoding circuit 115. If the check bit
test 15 to be conducted together with the correction test
of information bits, the method as illustrated in FIG. 21

will be used. i
In particular, in the semiconductor memory, at a first

step that signal CS, terminal ECCE and signal WE are
all at an “L” state, both k information bits from D;, and
m check bits are written, similarly to the case of FIG.
20, in the memory cells in response to timing pulses
(k<4-m times) (steps 1112 to 1113).

Next, when terminal ECCE and signal WE are both
at za “H” state, information bits are read from the mem-
ory array 103 and corrected to output to Dy, after the
calculation of a syndrome in response to timing pulses
(k times) synchronizing with signal SCLK, similarly to
the case of FIG. 20. Thereafter, the check bits are read
and corrected 1n response to timing pulses (m times) and
are again written into the memory array 103 (steps 1131
to 1133).

Succeedingly, when both signal CS and terminal
ECCE are at ““L” and signal WE is at ““H”’, similarly to
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the case of FIG. 18, information bits are read to output
them to Dy, after the calculation of a syndrome in
response to timing pulse (k times) synchronizing with
signal SCLK, and are again written into the memory
array 103. Thereafter, in response to timing pulses (m
times), the check bits corrected at the second step are
read out to output them to D,y and are also written into
the memory array 103 (steps 1141 to 1143).

With the above three steps, it is possible to judge if
the check bits have been corrected. A method without
employing the three step operations will be described
with reference to FIG. 22

FIG. 22 1s a circuit diagram showing the sixth em-
bodiment of the semiconductor memory provided with
two 1nput terminals for an ECC enable signal.

In the figure, terminal ECCE), is for controlling an
input/output control circuit 156 and encoding circuit
126 1n a similar manner as described above. Terminal
ECCE; i1s for controlling a decoding circuit 116 in a
similar manner as described above. The other circuit
elements are the same as those in FIG. 15.

In detail, in a decoding test of check bits, first, similar
to the case (decoding test) of FIG. 20, signal CS, termi-
nal ECCE1 and signal WE are all set at “L” (logic “0”)
and terminal ECCE; is set at “H” (logic “1”"). Then,
data from D;, (information and check bits) are written
in the memory array 103 and the succeeding readout is
conducted by setting terminal ECCE, at a logic “0” and
terminal ECCE) at a logic “1”’. Thus, the check bits can
be read directly during the error correction by the de-
coding circuit 116, thereby enabling the check bit cor-
rection by two steps as above. During other tests and
during a normal operation, similar operations to those
with the embodiment of FIG. 15 are performed assum-
ing that ECCE|=ECCE.:.

FIG. 23 is a circuit diagram showing the seventh
embodiment of the semiconductor memory, wherein a
multi-level data storage memory disclosed in Japanese
Unexamined Patent Publication No. 60-13398, is used.
In the figure, reference numeral 173 represents a mem-
ory matrix for multi-level data (ex. 3 bits), and reference
numeral 167 represents a switch for switching three I/0
lines from a data line selector 175 respectively to the
input and output sides of a decoding circuit 117 and to
the output side of an encoding circuit 127. Although
respective three input and output terminals D;, and
Dou: are used, the operations of the other circuits are
basically similar to those of FIG. 15.

The encoding circuit 127 encodes respective three
bits in a similar manner as described previously and
writes the encoded bits into the multi-level memory.
The decoding circuit 117 error-corrects respective
three bits in a similar manner as described previously
and the error-corrected bits are read from the multi-
level memory. Thus, various tests previously described
are performed.

As seen from the above description, the input/output
of the ECC enable signal and check bits to or from an
external circuit can be notified so that independent tests
are possible, such as a test for memory cells per se stor-
ing check bits for an ECC, a test for an encoding circuit,
or a test for a decoding circuit. Therefore, the reliability
of testing is improved as compared with a conventional
one.

As described, according to the present invention, in a
semiconductor memory having a built-in error correct-
ing function, writing in the memory cells for storing
check bits for an ECC is performed using input data

3

10

15

20

23

30

35

45

50

53

60

63

14

from terminal D;, or data generated by an encoding
circuit. On the contrary, reading data from the memory
array is performed by switching between the operation
and non-operation of error correction by a decoding
circuit and by switching between the output and non-
output of check bits. As a result, independent tests are
possible, such as a test for memory cells for check bits,
a test for the encoding circuit and a test for the decod-
ing circuit.

We claim:

1. A semiconductor memory having a data correcting
function using an error correcting code, comprising:

a random access memory;

means for providing an address for said random ac-

cess memory and a timing signal to control se-
quence of read and write operations to said random
access memory;

control means responsive to said timing signal for

providing a completion signal indicative of com-
pietion of a data writing operation;

means responsive to an output of said control means

for counting up to a predetermined count and for
providing a count-up signal to said control means
to cause said control means to provide a signal
indicative of completion of a data reading opera-
tion when said random access means is under a read
mode.

2. A semiconductor memory according to claim 1,
wherein said random access memory is capable of serial
data reading and serial data writing in synchronism with
a clock pulse.

3. A semiconductor memory according to claim 1,
wherein said error correcting code is a cyclic code or a
shortened cyclic code.

4. A semiconductor memory according to claim 2,
wherein said error correcting code is a cyclic code or a
shortened cyclic code. |

3. A semiconductor memory having a data correcting
function using an error correcting code, comprising:

a random access memory;

means for providing an address for said random ac-

cess memory and a timing signal to control a se-
quence of read and write operations to said random
access memory;

control means responsive to at least one of said timing

signal and a count signal for causing a switching
means to switch between two input pulse sources;
and

counter means for counting pulses from said two

input pulse sources and for causing said control
circuit to output a signal indicative of completion
of a read or write operation based on a predeter-
mined count value.

6. A semiconductor memory having a data correction
function using an error correcting code according to
claim S, wherein said control means substantially imme-
diately outputs a preparation completion signal in re-
sponse to said timing signal when said semiconductor
memory is performing a data write operation.

7. A semiconductor memory having a data correction
function using an error correcting code according to
claim 5, wherein said control means outputs a prepara-
tion completion signal in response to said timing signal
after a delay corresponding to a predetermined count
from said counter means, when said semiconductor
memory 1s performing a data read operation.

8. A semiconductor memory having an error correct-
ing function comprising:
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a Memory array means;

encoding means for adding check bits to a data array
in accordance with an error correcting code;

decoding means for correcting said data array includ-
ing said check bits;

address signal generation means for generating an

address signal; and
error correction enabling means for enabling said

error correcting function of said semiconductor
memory such that said error correcting function o
each of said memory array means, said encoding
means and said decoding means can be tested inde-
pendently of each based on outputs of said address
signal generation means and said error correction
enabling means.

9. A semiconductor memory according to claim 8,
wherein said address signal generation means generates
an address signal for selecting a bit to be read or written
from a series of check bits and said semiconductor mem-
ory 1s a random access memory.

10. A semiconductor memory according to claim 8,
wherein said address signal generation means reads and
writes said check bits in response to a clock signal in a
manner similar to the reading and writing of data bits.

11. A semiconductor memory according to claim 8§,
wherein said address signal generation means and said

16

error correction enabling means are provided in a multi-
level memory.

12. A semiconductor memory having an error cor-

recting operation using an error correcting code includ-

5 1ing check bits comprising:

fIO
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a4 MEemory array means;
address signal generation means for producing an

address signal;

means for inputting an error correcting enable signal
for enabling said error correcting operation;

writing circuit means for replacing one bit of said
data bits and said check bits with an input data bit
based on an ouptut of said address generation
means and said means for inputting an error cor-
recting code enable signal;

encoding means for generating check bits for said
error correction code based on an output of said
address signal generation means; and

decoding means for correcting errors in data bits
from said memory array means,

wherein the error correction function of each of said
memory array means, said encoding means, and
said decoding means can be tested independently of
each other based upon outputs of said address sig-
nal generation means and said error correction

enabling means.
® ¥ 2 o £
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